ABSTRACT
SAŽETAK
Rezultati tretmana "zaključavanja" ručja kod odraslih pacijenata sa višestrukim distalnim intrartikulranim prelomima radijusa. U studiju je uključeno i prospektivno praćeno 25 
INTRODUCTION
Fractures in the hand and wrist area, which are frequently subject to trauma, are the primary pathologies treated by orthopaedic clinics. The distal radius is one of the most commonly fractured bones in the body (i.e., 8 -15% of all broken bones) (1). Distal radius fractures comprise approximately 1/6 of all fractures treated in the emergency room (2) . In total, 75-80% of distal radius fractures are extra-articular stable fractures, which are conservatively treated in the emergency department (3) .
When examining the distribution of age-related broken bones, the following two age groups stood out: physically active children 5 to 10 years of age and older adults 60-69 years of age (approximately 80% were women with less active lives) (4) .
It is important to diagnose and treat these fractures because they are common, and they are closely related to an individual's daily functioning. Together with the type of fracture, the patient's age, general condition, physical condition, mental capacity, additional diseases, adherence to treatment and personal expectations should be considered in the treatment plan.
The treatment goal is to ensure and protect normal anatomy and to provide a suitable, functional wrist at the end of the treatment. The type of fracture, degree of displacement, and the stability of the fracture help to determine whether surgical treatment is required. Successful results are often obtained with closed reduction and plaster casts in low energy, extra-articular and stable fractures.
In terms of treatment, problematic fractures are those with high energy and multiple parts, as well as unstable and intra-articular fractures. Although several surgical methods and detection materials have been identified for unstable fracture treatment, a standard treatment method has not yet been determined.
Surgical treatment alternatives include percutaneous pinning or external fixation after closed reduction; nailing after limited open or open reduction, internal fixation, or some combination of these treatments (and additional grafting); and arthroscopic assisted reduction and stabilization (3) .
Regardless of which method is chosen, the basic requirement is that the radial length, radial inclination and palmar inclination are at the most appropriate levels and that the distal radial articular surface is anatomically repaired (5, 6, 7) .
In this study, we evaluated the anatomic, radiographic and clinical treatment results of the patients with intra-articular comminuted distal radius fractures who underwent treatment at our clinic using open reduction and locking plates, and we examined the impact of the treatment results on the patients' daily work and social lives.
MATERIALS AND METHODS
In this study, 25 adult patients (with 25 distal radius fractures) who underwent open reduction and volar locking plates due to distal radius fracture were prospectively evaluated at Hamidiye Şişli Etfal Education and Research Hospital Orthopedics and Traumatology clinic between April 2010 and April 2013. Patients who were followed for at least 6 months were included in this study.
Of the 25 patients, 44% (n = 11) were female and 56% (n= 14) were male. They ranged in age from 24 to 68 years (average 44.32±12.12 years).
A total of 64% (n = 16) of our patients had left-side fractures, and 36% (n =9) had fractures on their right sides; in 40% of the patients (n= 10), the affected extremities were dominant.
Patients who presented at our hospital with wrist injuries were examined. After physical and radiological assessments, they were diagnosed with wrist fractures. The patients were first treated for more serious issues, as needed. Patients with extra-articular distal radius fractures were not included in this study.
For the patients with distal radius fractures related to their joints, control radiographs were taken, following administration of a short-arm splint and closed reduction under sedoanalgesia.
Patients without good reduction (i.e., the dorsal angulation was more than 10°, volar angulation was more than 20°, radial shortening was more than 5 mm and joint surface separation was greater than 2 mm) and unstable comminuted fractures who consented to surgery and a sufficient follow-up time were admitted to the study group.
All patients underwent surgery under general anaesthesia, and a pneumatic tourniquet was applied. Following anaesthesia, 1 g of cefazolin sodium antibiotic I.V. was administered for prophylactic purposes.
Patient complaints were recorded at their final examinations. Forearm rotation and wrist movements were examined during the clinical examination.
Hand grip strength was comparatively measured with a dynamometer (Jamar, Baseline hydraulic hand dynamometer, Irvington, NY, USA) at 90°, with the elbow, forearm and wrist in a neutral position. The measured values were calculated as a percentage, based on the healthy side. Posterior-anterior and lateral radiographs of the wrist were taken for comparison.
Clinical measurements were performed using the Gartland and Werley (8) and QuickDASH (9) clinical assessments. Angular evaluations were performed, according to the Stewart et al. (10) radiological assessment. The clinical evaluations were evaluated in comparison with the VAS (Visual Analog Scale) (11) .
RESULTS
Patient demographic information and a classification of the fractures (based on the AO system) are shown in Table 1 . Our study included 25 patients (44.0% [n = 11] female and 56% [n= 14] male). The patients ranged in age from 24 to 68 years (average 44.32±12.12 years).
The following mechanisms of trauma were recorded: 36% (n = 9) of the fractures were caused by falls from height; 32% (n = 8) were caused by falling while walking; 24% (n = 6) were caused by falling from the stairs; 4% (n = 1) were caused by non-vehicle traffic accidents (NVTA); and 4% (n = 1) were caused by car traffic accidents (CTA). Among the patients, the time until surgery ranged from 2 to 13 days, while the average was 5.56±3.11 days. The length of stay in the hospital ranged between 3 and 13 days, with an average of 8.08±2.29 days. The follow-up period ranged from 6.60 to 41.17 months, with an average ranging between months and 20.36±7.62 months. For 88% of the patients (n = 22), the right hand was dominant, while for 12% (n = 3), the left hand was dominant. For 64% of the patients (n = 16), the fractures were on the left side, and for 36% (n = 9), the fractures were on the right side. In 92% of cases (n = 23), the fractures were closed fractures, and in 8% (n = 2) of cases, the fractures were open (type 1) fracture. In 28% of patients (n = 7), additional pathologies were detected due to trauma. According to the Gartland and Werley assessment scale, 68% of the patients (n = 17) obtained excellent results, 28% (n = 7) were good, and 4% (n = 1) were poor. The mean VAS score was 0.84±1.07, and the quick-average DASH subjective question score was 7.07±12.95. According to Stewart, 92% of the patients had perfect scores, and in 8% of cases, good results were obtained. The mean grip strength of the patients was 77.3% when it was evaluated based on the healthy side.
At the final follow-up examination, the average radial length in the patient group was 11.82±1.52; the radial inclination was 20.68±4.89, and the volar tilt was 9.04±6.91. The wrist range of motion of the patients at the final examination was as follows: the average volar flexion was 68.80±12.44, dorsal flexion was 65.60±14.17, ulnar deviation was 30.80±7.59, radial deviation was 21.00±5.00, pronation was 84.40±6.18, and supination was 81.60±8.26 (Table-2, Patient samples Fig 1, 2) . Complex regional pain syndrome was detected in one patient; flexor tenosynovitis and paraesthesia in the distribution of the median nerve were detected in another patient, and flexor tenosynovitis was detected in 2 other patients.
ROM

DISCUSSION
Distal radius fractures are most often the result of simple falls that occur in normal life. However, the increased life expectancy, more common use of motor vehicles, industrialization, and increase in the number of people playing sports have resulted in a higher incidence of these fractures as well as more complex fractures. Today, while unstable fractures and joint related fractures are the preferred surgical treatment, simple and stable distal radius fractures are still treated with conservative methods.
Discussions regarding the treatment of distal radius fractures are still ongoing. Although the type of fracture is the most important factor when considering a treatment choice, the patient's age, occupation, functional status, general health status should also be taken into account. Closed reduction and plaster, percutaneous pinning and plaster, percutaneous pinning with limited or open reduction and external fixation, and open reduction internal fixation are the current treatment options for distal radius fracture (12, 13) .
Each fracture should be evaluated individually, and an appropriate treatment should be selected. The possibility of arthritis increases if the step-off on the joint surface is more than 2 mm, the radial shortening is more than 5 mm, and the dorsal angulation is more than 20 degrees (14) .
Intra-articular, dissociated, metaphyseal comminuted fractures caused by high-energy trauma have become more common recently, and some of the challenges experienced in providing sufficient stability by conventional plates has led to the search for new detection methods. For this purpose, appropriate anatomic plates are designed to be suitable for the distal radius volar surface tilt (13) . Therefore, the use of volar fixed-angle plate application treatment for fractures with dorsal angulation has become more common. There is no need to align the bone exactly, as in conventional fixation plates, because locking plates are based on the internal fixation principle. Plate and locked screws, which act as a single unit to keep bone fragments together, create the angular stability. Therefore, the volar fixed-angle plates do not need to fit in perfectly with the cortical surface. Thus, the plating technique simplifies the blood flow, which is necessary to ensure fracture recovery (13, 15, 16) .
Demirbaş et al (17) treated 34 displaced fractures of the distal radius with volar fixed-angle locking plates, and they observed excellent results in 10 patients, good results in 19 patients, and bad results in 1 patient, according to the Gartland and Werley scoring system. They found excellent results in 15 patients, good results in 18 patients and moderate results in 1 patient, according to the Stewart radiologic evaluation system. Rozental and Blazar (18) treated 41 distal radius fractures with a volar angle plate, and they reported that the average movement of the wrist flexion 52°, extension was 53°, pronation was 73° and supination was 71°. Excellent results were obtained in 27 patients, and good results were obtained in 14 patients, according to the Gartland and Werley scoring system. In their series of 30 patients who were treated with volar fixed-angle plate, Wong et al. obtained excellent results in 24 patients, good results in 5 patients and moderate results in 1 patient; they obtained 22 excellent results and 8 good results according to the radiological evaluation. The grip strength ratio was 68% compared to the opposite side. Figl et al. (19) found that the average wrist flexion was 52°, and the extension was 54° in the 80 patients they treated. The grip strength ratio was 65% compared to the opposite side. Kostanitinidis et al. (20) treated 40 distal radius cases using the volar approach; when examining the patients' clinical outcomes, they observed excellent results in 26 patients, and good results were reported for in 11 patients. Arora et al. (21) treated 114 patients who were treated with volar fixedangle locked plates and followed them for an average of 15 months. They observed a mean wrist flexion of 54° and 46° extension. The grip strength ratio was 70% compared to the intact side. According to the Green and O'Brien's assessment system, they observed excellent results in 31 patients, good results in 54 patients, moderate results in 23 patients, poor results in 6 patients. Among their patients who were treated with locked plates, Gallacher et al (22) observed the following functional outcomes: 56,5º mean flexion, 57º extension, 81º as pronation and 83,3º supination. In their study, Knight et al. (23) observed among their patients a post-operative mean wrist movement flexion of 67º, extension 74º and complete forearm rotations; the grip strength was 81%. The wrist motion values, scoring results and grip strength results of our 25 patients who were treated with volar locked plates were consistent with the literature.
In the literature, the complication rate for unlocked volar plates ranges from 14 to 40.5%. The complication rate for locked plates is between 34% and 3% (24) .
We detected a 16% (4 patients) complication rate in our patients. In one patient, complex regional pain syndrome was detected; in another patient, flexor tenosynovitis and paraesthesia in the distribution of the median nerve were detected, and in 2 patients, flexor tenosynovitis was detected. In only one case, the plate had to be removed. The complication rates and types of complications were similar to those reported in the literature.
Johnson et al (25) reported a 9.7% (20 patients) complication rate in their 204 series of disease. They observed 7 (3.4%) tendon problems, 4 (1.9%) cases of complex regional pain syndrome, 4 (1.9%) plate irritation problems and 3 reduction problems. In their study of 50 distal radius fractures, Drobetz and Kutscha-Lissberg (26) detected 6 (12%) patients with flexor pollicis longus tendon ruptures, 3 (6%) patients with complex regional pain syndrome, one (2%) with carpal tunnel syndrome, one (2%) with screw loosening and one (2%) with extensor tendon rupture.
Although open reduction and plating is a classic method, it is still debateable which patients are candidates and which approach and which implant should be applied. According to data from our study, the volar approach allows patients to achieve the appropriate reduction. The new generation of locked plates has allowed physicians to act earlier to reduce the complication rate and to achieve more successful final results in vital patients. Despite the early rehabilitation and preserved reduction, no loss of fixation was observed. Suitable reduction criteria obtained in the majority of patients aligned with the good functional results obtained. The complication rate aligned with that in the literature, and complications specific to the implant are rare.
In the light of these findings, the locked plates application with the volar approach is a safe treatment alternative for distal radius fractures, and in terms of patient functional outcomes, it can provide a reliable cure rate.
